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Background
• Prostate Cancer (PCA) is most common non-

cutaneous malignancy in Western men
• PCA shows heterogeneity at the biological, clinical 

and histological level
– The relationship of precursors to PCA is unclear 
– Genetic lesions driving PCA development are unknown
– Clinical and pathological parameters identify tumors that 

are likely to recur 
– Clinically and pathologically identical tumors can have 

drastically different courses

• Genes and processes controlling the 
development and progression of prostate 
cancer are unknown
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A Bioinformatics Approach to Discover 
Candidate Oncogenes

• Gene expression profiling has become a 
common method to analyze the cancer 
transcriptome

• However, few causal cancer genes have been 
discovered using DNA microarrays

• We reasoned that chromosomal aberrations 
that result in marked over-expression of an 
oncogene should be evident in transcriptome 
data
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• Most analytical methods (t-test) divide samples 
into two classes “normal” vs. “cancer” and look 
for genes commonly over-expressed in class 2 
vs. class 1.

• Oncogenic events are often heterogeneous
– ERBB2/HER2 amplification in 20% of breast cancers
– Activating Ras mutations in 25% of melanomas
– E2A-PBX1 translocation in 5-10% of leukemias

Van de Vijver, NEJM, 2002
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COPA Results for Several Cancers
Rank % Study Cancer Gene

1 95 Valk et al. Leukemia RUNX1T1
1 95 Vasselli et al. Renal PRO1073 
1 90 Ross et al. Leukemia PBX1
1 95 Lapointe et al. Prostate ETV1
1 90 Tomlins et al. Prostate ETV1
1 90 Tian et al. Myeloma WHSC1
1 75 Dhanasekaran et al. 2 Prostate ERG
1 75 Welsh et al. Prostate ERG
1 75 Zhan et al. Myeloma CCND1
1 75 Lapointe et al. Prostate ERG
1 75 Dhanasekaran et al. Prostate ERG
2 90 Tomlins et al. Prostate ERG
3 95 Zhan et al. Myeloma FGFR3
4 75 Huang et al. Breast ERBB2

6 90 Sotiriou et al. Breast ERBB2

9 95 Glinsky et al. Prostate ETV1
9 90 Nielsen et al. Sarcoma SSX1
9 75 Yu et al. Prostate ERG



Outlier Expression of ETV1 and ERG

Marked over-expression in a fraction of cases
La Pointe et al
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Exclusive Outlier Expression of ETV1 and ERG
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Conclusions

• Recurrent fusions between the androgen 
regulated gene TMPRSS2 and ETS family 
members occur in the majority of prostate 
carcinomas

• Most common rearrangement in human 
malignancy
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Informatics Strategies

• Prostate cancer development 
– Informatics strategy to analyze gene 

expression data 
– (gene fusions)

• Prostate cancer progression
– Informatics strategy to integrate gene 

expression data with disparate data sources
(molecular concepts)



Prostate Cancer Progression



Molecular Concept

• A set of genes and proteins related in 
some biologically-meaningful way
– Tissue-specific gene expression
– Shared biological process or pathway
– Common regulatory element
– Shared domain
– Common regulation by an activated pathway 

or drug treatment
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The Molecular Concept Map Project









Conclusions
• Proliferation of high throughput studies is 

producing a wealth of data
– Analyze and integrate to answer biological 

questions
• A novel informatics algorithm was applied across 

gene expression studies to discover a family of 
fusion genes as causative events in prostate 
cancers

• Integrating expression profiling with a 
compendium of molecular concepts is useful for 
understanding disease biology
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Next Steps

• How do we interpret the functional 
significance of the outliers in our profiling 
study?
– Know the biology

• Transcriptome, regulatory networks and 
proteome based approaches

• There is no one right way to analyze and 
integrate data
– Methods are complementary
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